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Abstract 20
Climate descriptors and classifications are vital for ordering past, current and future 21 climatic conditions. Yet, these parsimonious descriptors of climatic conditions only 22 capture specific aspects of this climate signal, and lose all other information available 23 in the observations. As a result, climate descriptions are often not physically 24 insightful when they are applied in other studies. In this study, we show that a 25 sinusoidal function with an annual period can adequately describe the vast majority of 26 monthly precipitation and temperature climates around the world. This finding allows 27 us to synthesize intra-annual monthly precipitation and temperature climatology using 28 5 indices that are easy to interpret. The indices describe (i) the mean precipitation rate 29 (P ഥ ), (ii) the mean temperature (T ഥ ), (iii) the seasonal precipitation amplitude (δ ), (iv) 30 the seasonal temperature amplitude (Δ ), and (v) the phase difference between the 31 precipitation and temperature regimes ( s ୢ ). The combination of the 5 indices 32 describes the relative time series of precipitation and temperature climatology, in 33 contrast to earlier proposed similarity indices that only capture specific aspects of 34 these time series. We demonstrate how the framework can reproduce many earlier 35 proposed indices and classifications, and provide an example how the framework can 36 be used to classify regions. We argue that the framework provides comprehensive 37 insight into global climatology and can function as a quantitative conceptual basis for 38 climate descriptions among different sciences. 39 40
Introduction 41
Climate is defined as the generally prevailing weather conditions of a region, often 42 averaged over a 30-year period [WMO, 1989] . Climate descriptors and classifications 43 summarize characteristics of the climate signal and thereby they help to bring 44 climatic characteristics (e.g. precipitation amount and a temperature condition). Such 48 descriptions help to delineate regions with specific climatic conditions. Because 49 climate influences many factors, these descriptions are vital for understanding, 50 explaining and predicting how regions differ in ecologic, water cycle, landscape and 51 anthropogenic conditions. 52
53
Energy availability (temperature, net radiation, potential evaporation) and moisture 54 availability (precipitation) form the core of many widely adopted climate descriptors 55 and classifications [e.g., Köppen, 1936 ; Thornthwaite, 1931 Thornthwaite, , 1948 Holdridge, 1967 ; 56 Trewartha, 1968; Budyko, 1974; Alley, 1984; Kottek et al., 2006; Peel et al., 2007] . 57
The mean intra-annual pattern of energy availability and moisture availability has a 58 distinct imprint on a diverse range of factors, such as vegetation type [Köppen, 1936 ; 59 
(1) 170
where P is the precipitation rate (mm/month), T is the temperature ( 0 C), t is the time 172 (year), P ഥ is the mean precipitation rate (mm/month), T ഥ is the mean temperature ( 0 C), 173 δ is the dimensionless seasonal precipitation amplitude (-), ∆ T is the seasonal 174 temperature amplitude ( Similarly, the duration that the seasonal precipitation is above a certain threshold 217 precipitation (P c ) can be approximated by: 218
These equations can be used to derive climate characteristics such as the number of 219 frost days [Easterling, 2002] [Oliver, 1980] , degree-day 223 factor [Hock, 2003] , and cooling degree month [Sturm et al., 1995] . 
322
The grid cells where X P is larger than 0.3 are only located in a limited number of 323 regions (See Figure S2) . Reasons for these high X P values vary regionally. Table S1  324 gives a point wise description per region that shows high (X P > 0.3) values. These 325 descriptions indicate the regional reasons for the higher error value and should 326 improve understanding of the regional adequacy of the hypothesis that the monthly 327 precipitation pattern can be described with the sinusoidal function. The sinusoidal 328 approximation is not informative in regions with a bimodal rainfall pattern such as 329 southwestern United States and the Horn of Africa. 
Comparison of framework and data-derived climate characteristics 347
We evaluate the ability of the framework to reproduce specific climatic 348 characteristics. This gives an indication of the suitability of the framework to provide 349 a common reference for studies that are interested in specific climate characteristics. values also approaching one (see Table 1 ). This indicates enough information is 364 
The framework as a classification tool 383
The framework can be used as a classification tool to characterize or cluster climate 384 based on the five indices using the notation: ሾP ഥ , T ഥ , δ , Δ , does not have a specific purpose beyond providing an example, the framework allows 402 classifying climate groups quantitatively, while maintaining the qualitatively easy to 403 interpret character (e.g. cold, wet, high rainfall seasonality, medium temperature 404 seasonality, out of phase). 
Discussion 408

Is the sinusoidal function suitable to describe monthly climatology? 409
We aimed to develop descriptors of the intra-annual precipitation and temperature 410 climate that maintain most of the monthly information that is present in the observed 411 signal, while using a limited number of descriptors to characterize the climate. By 412 identifying that most of the climates around the world can be described by a 413 sinusoidal pattern with an annual period, both for monthly precipitation and 414 temperature, simple analytical functions appear to be very suitable for this purpose. 415
The most parsimonious description that still acknowledges intra-annual variation of 416 precipitation and temperature consist of 5 indices: here described by P ഥ , T ഥ , δ , Δ and 417 regionally change the period of the seasonal cycle to half a year [Milly, 1994] . Hence the hypothesis is not tested at sub-grid scales. Further testing and mapping for 481 sub-grid variability is left for future work. Yet as the hypothesis originates from 482 applications at local sites, it is not expected that at sub-grid scales the performance 483 will change significantly. The proposed description is scale-independent in its 484 application and hence a potentially useful way to characterize any place at any scale 485 or to characterize the variability or mean of a single unit, at other than grid-scales 486 (e.g. a river basin). 487 488
What insight can the similarity indices give? 489
By identifying that the mean monthly climatology in many parts of the world can be 490
described by a sinusoidal pattern we simplified the mean climate signal into five 491 dimensions, which has multiple uses, and limitations. A clear limitation of the 492 framework is the loss of detail available in the observed signal, such as between year 493 variability, short-term variability etc. A description of mean seasonal climate does not 494 incorporate, but can be expanded by, descriptors that characterize precipitation 495 characteristics such as storminess and inter-annual variability. The 5 indices are thus 496 currently not adequate for forcing mechanistic models or studies that require detailed 497 data (e.g. daily) of the temporal climate conditions. Additionally the error of 498 precipitation and/or temperature can be too large to highlight climatic differences in 499 regional studies that compare climatologically almost equivalent sites. Therefore the 500 descriptors will not always be suitable for local assessments that require as much 501 detailed information as possible. These limitations are intrinsic properties of any 502 climate classification and climate descriptors. physical gradient between places cannot be expressed within a quantitative manner or 520 sometimes even conceptual manner. Expressing these physical gradients between 521 places in a conceptually easy manner is not only valuable for education purposes but 522 also can assist in exposing physical gradients that underpin differences and similarity 523 between places for research purposes. scheme to describe climatic conditions, and thereby better highlight climatic 556 similarity and differences between places. 557 558 Classification, the delineation of groups with similar characteristics, is always 559 purpose specific, except when there are discrete differences between the observed 560 items, such as classes in Linnaean taxonomy [Linnaeus, 1788] , elements of the 561 periodic table [Mendeleev, 1869] , and turbulent and laminar flow in fluid mechanics 562 [Belanger, 1828] . Our framework rather uses continuous numbers to describe the 563 character of climate where discrete classes are based on more purpose-specific 564
conditions. The 5-dimensions form a continuum in which we can only subdivide by 565 putting in artificial boundaries. We provided an example based on arbitrarily chosen 566 class boundaries, which classified the land surface into different climatic regions. 567
Although this classification does not have a specific purpose beyond providing an 568 example, it shows how the framework allows classifying climate groups 569 quantitatively, while maintaining a qualitatively easy to interpret character. 570
571
The fact that the full within-year climatology is described using the indices means that 572 the indices can force mechanistic models [e.g. Woods, 2003 Woods, , 2009 Potter et al., 573 2005] . This characteristic, combined with the notion that the indices can express the 574 climatic gradients between several places, make it potentially a powerful tool to 575 combine simple mechanistic and falsifiable models and large scale climate 576 classifications. Additionally, the framework may provide a useful tool to characterize 577 past or future climatic change or variations in a holistic, physically easily interpretable 578 way compared to using changes in the discrete Köppen climate classes [Rubel & Table 1 example of a precipitation regime (Fig. 1a) , a temperature regime (Fig. 1b) , several 867 precipitation regimes for a range of seasonal precipitation amplitudes (Fig. 1c) , and 868 correction factor C r as a function of the seasonal precipitation amplitude (δ ) (Fig.  869   1d) . 870 (Fig. 1a) , a temperature regime (Fig. 1b) , several precipitation regimes for a range of seasonal precipitation amplitudes (Fig. 1c) , and correction factor Cr as a function of the seasonal precipitation amplitude (δP) (Fig. 1d ). 193x193mm (300 x 300 DPI) P e e r R e v i e w O n l y 
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